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AN ABSTRACT OF THE THESIS OF Elizabeth Storm Norman for the 
University Scholars Program Bachelor of Science degree in 
Earth Science presented January 25, 1980 • 
Title: Geology of the Columbia River Basalt in Silver Falls 
State Park, Oregon 
APPROVED BY: 
Silver Falls State Park is near the southern extent of 
the Colwnbia River Basalt Group as mapped in western Oregon. 
The flows in the park were identified as belonging to subdi-
visions of the Columbia River Basalt Group on the basis of 
physical characteristics and trace element geochemistry. The 
sequence of flows present is as follows: 3-4 flows of the 
Low-Mg chemical type of the Grande Ronde Basalt, 2 flows of 
the High-Mg chemical type of the Grande Ronde Basalt, 3 flows 
of the Frenchman Springs Member of the Wanapum Basalt, and 
one flow of anornolous geochemistry. The flows dip west to 
southwest two to three degrees on the limb of an open anti-
cline. Two related trends are represented in the jointing 
pattern of the flows, N 20 W and N 70 E. A paleostream 
appearing to follow one of these trends eroded 90 m into 
the Low-Mg and High-Mg flows before its valley was obscured 
by the incursion of a Frenchman Springs flow. The possibi-
lity arises that this stream drainage may provide access to 
the coast via the coast range for the Frenchman Springs 
basalts • 
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INTRODUCTION 
During recent years, the Columbia River Basalt Group has 
been extensively subdivided and grouped by flows into map-
pable units that are distinct physically, lithologically, 
paleomagnetically and/or chemically (Swanson and others, 
1979). These flow groups have been useful in unraveling the 
,Qeologic history·, in determining the structure and in estab-
lishing the stratigraphy of areas where Columbia River 
basalt dominates the outcrop exposures. 
Purpose 
Field study was conducted in the Silver Falls State 
Park area for the following reasons: 1) it provides know-
ledge of the Columbia River basalt near the basalt's south-
ern extreme in western Oregon, 2) flow units in this area 
had not previously been identified geochemically, 3) good 
exposures in cliffs and waterfalls are easily accessible 
by roads and trails, 4) the limited extent of the area makes 
it appropriate to a Bachelor's thesis. The primary aim of 
the exercise has been the development of a stratigraphic 
section for the flows in the area with an accompanying 
geologic map. Heavy emphasis has been placed on field map-
ping of flows and analysis of flow samples by trace element 
geochemistry. 
Geographic Setting 
Silver Falls State Park, Marion county, Oregon, is 
located in the center of the Lyons Quadrangle in T. 8 s., 
~ 
.2 
R. 1 E. in the foothills of the Western Cascades (Figure 1). 
Access is by way of Oregon State Highway 214 east from Salem. 
The top of the resistant Columbia River basalt forms a 
heavily farmed, gently rolling surface that is deeply dis-
sected by streams such as Silver Creek which contain numer-
ous waterfalls where the streams cut into the basalt flows. 
The canyon of Silver Creek is heavily forested with ever-
greens forming a canopy over an abundant undergrowth. 
Regional Geology 
During the Miocene, the Columbia Plateau was formed in 
Oregon, Washington, and Idaho of flood basalts extruded 
episodically from an extensive.fissure system in the eatern 
portion of the region. The tholeiitic basalts reach an 
accumulated thickness of up to 1500 m maximum east of the 
Cascades. The extent of the flows west of the Cascades 
indicates that a structural or topographic low existed 
during the Miocene between the Columbia and Clackamas Rivers 
(Figure 2). 
In the area east of Salem, flows of the Columbia River 
Basalt Group covered an erosional topography that had 
developed on the Oligocene ~arine sedimentary rocks of the 
Illahe Formation (Thayer, 1939). The Illahe Formation was 
mapped by Peck and others (1961) as part of The Little Butte 
Volcanic Series but as a suggested correlative of the 
Scapoose Formation, which also contains marine sedimentary 




































































































































































































































observed a minimum thickness of Columbia River basalt flows 
of 125 m and the presence of six individual ~lows. Time 
between certain £lows was sufficient to allow the develop-
ment of soils and even forests, as well as deep canyons. 
Deep weathering of the top flow formed a lateritic soil 
which was partially eroded before the deposition of the 
tuf f s and breccias of the Fern Ridge Formation which have 
been grouped with the Sardine Formation (Peck and others, 
1964). The incision of Silver Creek through the Fern Ridge 
Formation into the Columbia River basalts exposed the 
basalt flows. Both Thayer (1939) and Barlow (1955) mapped 
the flows as Stayton Lavas tentatively correlated to the 
Columbia River basalt, but Peck and others (1964) included 
this area in their reconnaissance geologic map of the 
Western Casade Range and mapped the Stayton Lavas as Columbia 
River basalt. 
Silver Falls State Park lies near the western edge of 
the Western cascade Range (Figure 1). The High Cascades 
further to the east are little deformed while the older 
Western Cascades units are flexed in a series of en echelon, 
open, undulating folds. The axes of the folds are kilo-
meters apart with the limbs generally showing less than 10 
degrees of dip (Peck and others, 1964). Thayer (1939) 
shows the axis of the Mehama Anticline trending northeast 
to southwest and passing about 10 km south of the Park 
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figure 3. Anticlinal folding in the Silver Creek area. 
(after Peck, 1964) 
6.4km 
r 
east, having a north plunging axis (Thayer, 1939). Recon-
naissance mapping of the Western Cascades (Peck and others, 
1961), however, shows two gentle anticlines about 25 km 
apart with convex north axes swinging from N35°,E on the 
west to N6~ E on the east. The area of Silver Falls State 
Park lies halfway between the two axes near the centers of 
the curves (Figure 3). 
Procedure 
6 
The prodecure followed began with reconnaissance field 
work in the spring of 1979 to tentatively establish the 
units being dealt with and to establish their extent. Pre-
liminary identification of the flows as Yakima Basalt of 
either the Frenchman Springs Member of the Wanapum Basalt 
or of High-Mg or Low-Mg chemical types of the Grande Ronde 
Basalt was based on the phyric nature of the former, the 
grain size and jointing characteristics of the latter, and 
the presence of the intervening Vantage horizon. 
Fresh samples were collected from the middle of each 
identified flow for geochemical analysis. Care was taken 
to avoid weathered samples wherever possible. Fluxgate 
magnetometer readings were taken near the base of flows. 
Flow thicknesses were measured with the aid of an alti-
meter to +5 m. Geochemical analysis was then used to 
further identify each flow. The procedure followed for 





Previous work by Nathan and Fruchter (1974) demon-
strated that INAA could be used to compare concentrations 
of selected elements in order to differentiate between 
some units within the Columbia River Basalt Group. This 
method has been tested extensively and been found reliable 
in the Portland area (Beeson and others, 1976) and in the 
Clackamas River drainage (Anderson, 1978). 
Samples collected as a continuous section along North 
Creek, along with isolated samples expected to help solve 
mapping difficulties (see map for locations) were brought 
to the lab and crushed to be irradiated in the Reed TRIGA 
Reactor. The experimental method and some of the theory 
behind it has been described by Gordon and others (1968). 
The samples were irradiated May 8, 1979 at 1:00 am PST for 
one hour. Elemental concentrations for Na, K, Fe, Co, La, 
Sm, Lu, Sb, Sc, and Yb were determined from the first count 
on May 15, 1979. Concentrations were calculated for Fe, Co, 
Ba, Sc, Cr, Eu, Th, Nd, Ce, Lu, Yb, Hf using the data from 
the second count on May 27, 1979. The standard for the 
calculations was a 32 minute count on a BCR-1 sample 
(Flanagan, 1973) that was irradiated and analyzed with the 
other samples. 
Not all of the elements were found useful in distin-
~ 
8 
guishing between flow groups (Table I). For this work, Sm, 
Fe, and Eu had higher values for Frenchman Springs flows 
while the Low-Mg and High-Mg values overlapped. High-Mg 
could be separated out as low in La and Ce. Low-Mg was 
found to be depleted in Sc and enriched in Th relative to 
the other two groups. Cr also served to distinguish be-
tween Low-Mg and High-Mg, with High-Mg being enriched 
(Figure 4, Table I). 
INAA may be used to identify groups of flows, but not 
to distinguish individual flows. Plots of quantities of 
reliable elements and ratios of elements show grouping of 
samples that agree with previo~sly obtained results for 
these groups in other areas and corroborate the assignments 
of flows to groups made in the field (Figures 5,6). There 
does seem to be a systematic difference between the data 
from this experiment and data from previous ones using the 
same equipment (Tables II,III and Figures 5,6, West Linn, 
Clackamas River, and Silver Falls). For example, La values 
for Frenchman Springs are close to 28 or 29 ppm whereas the 
PEG project (Beeson, Johnson, and Moran, 1976) reported 
values closer to 25 ppm. For High-Mg the La values are 
around 22 ppm, compared with 20 ppm in the PEG report. 
For Frenchman Springs Fe is 13%, compared with 10% found 
in localities cited above. As Figure 5 shows, ratio plots 
of values from West Linn (Beeson, Johnson, and Moran, 1976), 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































i~ :: ! &. ... LITHOLOGY UNIT DESCRIPTION ... ii ~j 
~ 
PLIOCENE ~ y ) SARDINE FORMATION - Fern Ridge luffs 
~L1teritic ao1l 
N 6 ~ i' \I NORTH CREEK FLOW Rarely phyric, 
-?-.-? t '"I 1 ~nomnlow:lv Lnu m~nrh~rnir~L val11~~-
' 1 
+3 9- f) " J FRENCHMAN SPRINGS MEMBER 12 \ \ , 1, (, .... 
'l1)rJ' 
One rarely phyric flow, two 
...J phyric to abundantly phyric < +2 en 12 ?-rt~ r flows with plagioclase glomero-cc m 
111 I l \ '\ j crysts < 2cm, blocky to col-
E 
:::> N <c0i I umnar basal jointing. c.. 
Sm > 7.6ppm cc 18- \ ~ l ', z Fe > 11ppm < \ /) 
0.. 3 +1 24 \ \ \ \ Eu > 2.4ppm :::::> 
0 '~JD a::: (!) 111 I I m 




E -1 15 \ '' 111) HIGH-MG CHEMICAL TYPE .... w ~ ~ ,1 ... 
Two aphyric flows, visible z c( :··:··~" ...... w > 
\ ' \ groundmass, thick hackly c.> \ \I \ J 0 entablature, distinct basal t-t N l) \ SI 
E a.. 'J .. ' columns 3m high. ::> '\ / \ 
0 ' ' ...... I I La < 25ppm a::: \'),, Ce < 55ppm w (!) -2 34 _. I- t- .',hn Cr > 40ppm 
0 ...J ...J 
0 c( c( fll\l) .... en en \ l I I ia cc E m 11111111 
a::: w ............... 
w 0 
\ I I > z .... 0 I 
a::: a::: \ l .... I I LOW-MG CHEMICAL TYPE 
c( w 
-3 121- ,, ,, '" .... 0 m z 24 " 'Ir Three to four aphyric E cc ' ::> a::: 1'1 I It aphanitic flows, hackly 
...J C,!J ~l~b'.:1. 0 
N tiered entablature, c.> .. I ._I base not seen • 
I'-'" /t Sc < 39ppm I 1 l } 
-4 ~5- ,, , \. Th > 5.5ppm 21 t I 1 I t I Cr < 40ppm 
) I I IJ 
~ ,, 1' 
'""' -5 ~O+ I-,,
I ' I ILLAHE FORMATION ~ 
,._.. 
OLIGOCENE "' Marine volcanic ~ediments. 
Figure 4. Generalized stratigraphic column for the Columbia 














































































































































































































































































































































































































































































































































































































































































































FRENCHMAN SPRINGS MEMBER - GEOrHEtAICA.L COMPA.RISON OF FLOWS 
AT SILVER FALLS STATE PARK WITH FLOWS FROM THE 
TYPF LOCALITIES AND THE CLACKAMAS RIVER AREA 
Clackanas Sentinal Sand 
13 
River* Gap** Hollow** Ginkgo** Silver 
(ThreE;l LLx (type (type (type Fa.lls section locality) local~ty) localitv) (section) 
Na 2.03 1.93 1.99 1.93 2.?.7 
la 25.6 28.2 26.7 28.6 .,c 1. t:.i.... • '-+' 
Sm 7. ~· 7.9 6.4 6.6 B.2 
F'e 10.a lloO 11.1 11.1 12.5 
... 
Ce . 53 I 0 N.D. 1\. D. N.D. 65.0 
Eu 2.2 2.2 2o2 2.2 2.6 
Lu .64 N.D. N.D. N.D. .59 
Th 5.5 4.o 4.5 .3. 7 4.7 
Hf 5.4 5.0 4.6 4.5 5.; 
Co 1.1.2. 8 38,6 39.2 .37. 4 48.; 
Sc J7.2 J4.8 36.0 J4.4 1+2 0 5 
3a 770 ?35 ?OO 7.30 757 
DI y 11 11 11 JI 
* Anderson,(1978) 
**data from A.R.H.c.o., (1976) 




















































































































































































































































































































































































































































































































fairly close together for the same chemical type, whereas 
Atlantic Richfield Hanford Company's (A.R.H.C.O.) (1976) 
values for Frenchman Springs type localities in eastern 
Oregon (Table II, Gingko, Sentinel Gap, Sand Hollow), using 
different equipment, do not agree with the Frenchman Springs 
from western Oregon. 
The geochemical data supports the field evidence for 
a normal sequence of Frenchman Springs overlying High-Mg 
Grande Ronde, then Low-Mg Grande Ronde along both North 
and South Silver Creeks. About a mile below the confluence 
of the two streams, the normal section is complicated where 
a 150 m thick intracanyon secti.on of Frenchman Springs rests 
directly on Low-Mg Grande Ronde with High-Mg Grande Ronde 
removed by erosion. Silver Creek canyon cuts through this 
intracanyon unit for about 0.5 km~ then reenters Low-Mg 
units (Figure 7 and Map). No High-Mg units were discovered 
beyond where Silver Creek passes out of the intracanyon 
section, although the canyon below this point is capped by 
Frenchman Springs flows. No samples were analyzed from 
immediately below the Frenchman Springs flow; consequently 
the possibility exists that a High-Mg unit is present and 
unrecognized. As a result, the Frenchman Springs/High-Mg 
boundary is mapped with uncertainty. 
Three samples deviate from what was expected. BS41C 
and BS83A are quite similar geochemically, appearing to be 
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unit has been found elsewhere at the High-Mg/Low-Mg boundary; 
however, in this case they are separated by a unit (sample 
~SB29) which has characteristically Low-Mg ehemistry. Three 
options seem possible: 1) the geochemistry is in error 
(not considered likely), 2) there has been tectonic defor-
mation or step faulting for which there is no conclusive 
field evidence, 3) the upper transitional unit has flowed 
into an irregularity in the lower unit causing the transi-
tional unit to appear lower stratigraphically. Jointing 
characteristics along the creek below lower North Falls 
indicate a disruption of both the transitional and the lower 
unit either as they flowed over this spot or afterwards 
(see Structure). 
In both. the first and second gamma-ray counts, Fe and 
Sc were high for these two samples, as was La, causing them 
to resemble Frenchman Springs. geochemically in some respects 
(Table I). The highest Low-Mg unit sampled after the intra-
canyon (BS79A, see map for location) did not show transi-
tional geochemistry. 
Sample BS20 was from the highest unit sampled, just 
below the Fern Ridge tuffs. It was a fresh sample from the 
middle of the flow. In outcrop and hand specimen it 
appeared nearly identical with the rarely phyric Frenchman 
Springs flow which it conformably overlies. Its geochemi-
stry, however, is quite distinct from all the other units 
sampled. From its position in the sequence it was 
~ 
expected to be a second, rarely phyric, Frenchman Springs 
flow, but its concentrations for all of the reliable 
elements were consistently more than 30~ lower than those 
18 
of Frenchman Springs flows and substantially lower than the 
values for High-Mg and Low-Mg Grande Ronde flows. Its 
chemistry most resembles a Pomona flow which is found in 
this stratigraphic position as an intracanyon flow in other 
areas (Anderson, 1978). A major drawback to this explana-
tion for the anomolous flow (henceforth referred to as the 
North Creek Flow) is that it has normal polarity while the 
Pomona flows are reversed. Elemental abundance ratios 
computed for the flow in question were comparable to ratios 
of the same elements for Frenchman Springs samples. The 
discrepancy might be due to an error in weight since that 
seemed to be the only variable conunon to all th~ deter-
minations for this sample, but the weight was checked ahd 
found to be correct. Upper North Falls was the only place 
where this second rarely phyric flow above the Vantage 
horizon could be identified. It would then seem that 
Pomona flows are not present in the thesis area. In addi-
tion, Prineville flows and Waverly flows found in western 
Oregon (Beeson and Moran, 1976) were not identified. It 
remains to be seen whether these flows will be found as 
far south as Salem by other· workers. 
Physical Characteristics 
Grande Ronde Basalt. In the canyon of Silver Creek, 
19 
the subdivisions of Grande Ronde Basalt (Low-Mg and High-Mg 
chemical types) cannot easily be distinguished by physical 
characteristics. Due to time limitations, no petrography 
was done on the flows, therefore all characteristics are 
field determined. All the Grande Ronde Basalt flows exposed 
in this area possessed normal magnetic polarity. 
The lowest unit exposed on Silver Creek is a Low-Mg flow 
(normal polarity) with a hackly entablature estimated to be 
10 m whose base is not exposed. This unit, like most of the 
Low-Mg flows, is very dark gray, fine grained, and contains 
quite rare clear plagioclase crystals less then three milli-
meters in length. Locally the.loweanostLow-Mg flow may be 
separated.from the Low-Mg above it by a massive light tan-
gray, silty clay interbed about 3 rn thick. The interbed 
breaks along irregular carbonaceous layers, lacking bedding. 
The flow above the interbed is a basalt similar to the lowest 
unit. This flow is covered by vegetation. and talus from 
above. The third flow up from the river is the highest 
Low-Mg unit sampled downstream from the interruption of the 
section by the intracanyon Frenchman Springs flow. Its 
broad columns nearly six m high were the tallest seen in 
the Grande Ronde. The hackly entablature rises for over 
6 m above the columns (Figure 7). The basalt is dark 
gray, dense, with small rare clear plagioclase crystals. 
Upstream from the intrcanyon flow, three flows are 
exposed below the High-Mg/Low-Mg boundary. Only the top 
r 
20 
of the lowest flow (-5) is visible as the sequence is inter-
rupted by the intracanyon flow. The second flow down (-4) 
is gray to dark gray with rare small plagioclase crystals 
and a fine grained, almost sugary, texture. This flow, 
which is difficult to measure, seems to range in thickness 
from 15 to 21 m. The basal columns are up to 1.5 m in 
diameter with platy bottoms. A single set of columns is 
more than 3 rn high, but the columnar portion of the flow 
is more than 5 m. The basal columns are vertical but are 
separated locally from the thick entablature by irregular 
columns or by piaty or blocky jointing; some columns expose~ 
in the stream beds are nealy horizontal. The first Low-Mg 
flow (-3) below the High-Mg flow is 23 m thick and is 
similar in hand specimen appearance to the other Low-Mg 
flows except that it may be locally coarser grained. Its 
larger entablature of ten slopes back from the short wall 
formed by its basal, and in places platy, columns. This 
is the unit with the transitional geochemistry discussed 
above. 
Two High-Mg flows lie between the Vantage horizon and 
the Low-Mg flows. They are dark gray, weathering to light 
gray; contain rare clear plagioclase crystals up to three or 
four millimeters long; are generally coarser textured than 
the Low-Mg flows, although they may be locally fine grained. 
The lower flow (-2) is a thick (34 m) unit over 70% of which 
is entablature. The entablature may contain thin wavy 
columns and vesicular zones. This lower flow has a thick 
vesicular zone at the top and distinct basal comumns in 
places 1.2 m wide and more then 3 m tall. It is a cliff 
former and can be traced laterally as an aid in mapping 
the High-Mg/Low-Mg boundary. This contact is readily 
visible in Middle~North Falls (Figure Sb) and Lower South 
Falls. The upper flow (-1), deeply weathered on the top, 
is 12 to 15 m thick with local basal columns. At North 
Falls the columns are accompanied by local basal pillows. 
The outcrop appearance of the lower High-Mg flow (-2) 
resembles that of Low-Mg flows as described in other areas 
by Anderson (1978) and Beeson (1976). 
21 
Vantage Horizon. Sufficient time elapsed between the 
eruptions of the High-Mg Grande Ronde flows and the French-
man Springs flows to allow considerable erosion and some 
deposition of sediment to occur on the High-Mg flow surface 
before being covered by Frenchman Springs flows. In eastern 
Oregon this interbed is sufficiently thick and conti~uous 
to be mappable and has been named the Vantage Formation 
(Swanson, 1979) • In western Oregon, sedimentary interbeds 
occur only locally and are referred to informally as the 
Vantage horizon which is ~onsidered to be correlative in 
time but not laterally continuous in space with the Vantage 
Formation. 
The valley of the Silver Creek exposes both erosional 
and depositional features which were formed during the 
a 
b . 
Figur e 8 . a. North Fa l ls s how ing bl ocky J ointing in the 
Frenchman Sp ri n gs fl ows LowPr Fen c e i s o n the Vantage horizon. 
b Middl e No r t h Fall s at t h e Hig h-Mg/Low-Mg Grand e Ronde Basalt 




interval between the Grande Ronde and Frenchman Springs 
flows. Below the confluence of the forks of Silver Creek, 
evidence can be seen of a· canyon that cut over 90 m deep 
through the High-Mg and well into the Low-Mg Grande Ronde 
Basalt. In the same time period, volcanic-derived sediments 
were being deposited nearby and elsewhere away from 
1nergetic streams. For the most part this sedimentary 
interbed is buried beneath the talus of the cliff-forming 
Frenc~man Springs flows which lie over it. 
The two best displays of these deposits are also major 
scenic attractions in the Park. Both North and South Falls 
have overhangs of the resistant Frenchman Springs with 
trails that pass behind the falls at the Vantage horizon. 
The Vantage horizon erodes back more rapidly than the lava 
flows forming an amphitheatre (particularly at North Falls 
where the Vantage interbed is thicker) floored by the 
weathered top of a High-Mg Grand Ronde flow, roofed by the 
base of a Frenchman Springs flow, with the Vantage interbed 
making up the anterior wall several centimeters to meters in 
height. At South Falls part of the Vantage interbed is light 
gray tuffaceous sediment$ with ~ew crystals and carbonaceous 
fragments and separations. Graded beds of sandstone that 
fine upward from an erosional base to finely laminated 
mudstone a few centimeters thick indicate deposition by 
moving water. The sandstone is a fine-grained, iron-stained 
volcanic litharenite. At North Falls, the unit is a tan, 
,.. 
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moderately well-sorted, medium-grained sandstone comprised 
mostly of feldpathic and volcanic particles with minimal 
matrix. Thinly laminated beds form larger cross bedded 
groups tens of centimeters thick. The unit as a whole is 
3 to 6 m thick. At both North and south Falls tree casts 
can be seen in the overhangs providing evidence of soils 
and forests that developed between incursions of lava. 
Frenchman Springs Member of the Wanapurn Basalt. Four 
distinct basalt flows of the Frenchman Springs Member of 
the Wanapum Basalt can be idenfified above the Vantage 
horizon. These flows are separated on the basis of outcrop 
characteristics such as vesicular zones at both the top 
and base of the flows, incipient columns, crude pillows, 
and palagonite: all can be easily observed near the water-
falls. All flows give a normal magnetic reading. The two 
lower flows are highly phyric, the two upper flows are 
rarely phyric. 
The lowest Frenchman Springs unit(+l) flowed in over 
the topography created during Vantage time. This flow, a 
distinct cliff former, is 18 to 24 m thick, but where it 
becomes an intracanyon flow, it is over 100 m thick. This 
flow generally has blocky to columnar jointing with a 
hackly entablature. At South Falls the outcrop appearance 
is more irregular with palagonite at the base of the flow. 
As an intracanyon this flow has well-formed vertical 
columns (approximately 6 m high) near the top in places. 
,-
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Near the base and edge of the intracanyon portion of the 
flow there is an impressive outcrop of well-developed 
horizontal columns some 5 m in length and continuing for 
around 75 m (Figure lOa). On the hillside just above the 
horizontal columns short stubby columns are leaning forty 
degrees from the vertical toward the southwest. Downstream, 
outcrops of palagonite begin to occur. They continue for 
more than 150 m and are more than 3 m thick in areas. These, 
along with joint patterns, indicate the base and edge of 
the intracanyon portion of the flow. 
This flow is easily distinguished from the Grande 
Ronde flows since it has abundant large (up to two centi-
meters) plagioclase phenocrysts in a glomeroporphyritic 
texture as well as microphenocrysts of plagioclase. There 
are rare local spots where phenocrysts are hard to find, 
making identification of the outcrop more difficult. ~he 
dark gray matrix is generally coarser than Grande Ronde 
Basalt but there are local spots where it is fine grained, 
making correlation more difficult than if the unit had 
consistent characteristics. 
The second flow unit up from the Vantage horizon is 
similar enough in hand speciman to the first so that they 
can only be distinguished by finding a contact and deter-
mining the stratigraphic sequence. The textur~ is coarse, 
the color dark gray, the plagioclase abundant as both 
phenocrysts and microphenocrysts. In areas of abundant 
plagioclase, large phenocrysts could be found in every 
r· 
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sample broken off the outcrop and hand sized samples often 
had two or more phenocrysts. This unit has poorly-developed, 
basal columnar joints forming blocks of about one meter 
maximum in diameter. 
Sufficient time elapsed between the first Frenchman 
Springs flow and the second for channeling to take place 
in the top of the first. The contact is marked by palagonite 
in many areas and channels at South Falls, Winter Falls 
and Upper North Falls. The channel at Winter Falls, for 
example, has a maximum depth of approximately 6 m with a 
width of about 14 m and is filled with basalt of a pillowy 
nature (Figure 9). The contact between the two units shows 
a slight dip to the west (approximately one to two degrees). 
This second unit up has normal magnetic polarity, is 
generally about 12 m thick and shows the traditional ropey 
top of pahoehoe lava where it has been preserved. 
The third Frenchman Springs flow (+3) above the vantage 
horizon is very dar~ gray, fine-grained, ·dense, with micro-
phenocrysts of plagioclase. Large (1-2 cm) plagioclase 
phenocrysts are rare~ in five or six· rock samples one large 
crystal might be found. The unit has normal magnetic 
polarity. It is from 6 to 15 m thick with rather crude 
columns at the base of the flow. Above that the unit is 
more hackly and breaks· into twelve centimeter platy chunks. 
The second and third Frenchman Springs flows are cliff 
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be hidden by rubble, soil, and brush on a very steep slope. 
The fourth flow up, the highest unit sampled (the North 
Creek flow), is some what of an enigma. In hand specimen 
and outcrop appearance the two rarely phyric flows, the 
third and fourth, are similar. The North Creek flow is 
from 6 to 9 m of dark gray, fine grained basalt with 
incipient columnar jointing. Its geochemistry is more like 
a Pomona flow than the Frenchman Springs flows, but its 
normal polarity is evidence that it is not a Pomona flow. 
This flow could be positively identified only at Upper 
North Falls and along the trail into it. In other areas, 
only three distinct Frenchman Springs flows were seen. If 
the North Creek flow is present it is hidden under the 
steep vegetation covered slopes that topped the sheer out-
crops. Or is may have been deeply weathered or eroded in 
most places prior to the deposition of the Fern Ridge Tuffs. 
Correlation 
Some correlation within the area is based on strati-
graphic position, outcrop characteristics, and hand 
specimen analysis, while other determinations require geo-
chemical analysis. The Vantage horizon can be found on the 
basis of field characteristics alone. The stratigraphic 
sequence from the top down consisting of two rarely phyric 
flows, two phyric flows, a time horizon· indicated by sand 
lenses and tree casts, then numerous aphyric flows, matches 




mas River, Anderson, 1978: West Linn, Beeson and others, 
1976). The Vantage horizon can be traced throughout Silver 
Falls State Park. Geochemical analysis provides confirma-
tion and is also used for direct correlation with other 
areas. 
Anderson (197~), in his study of the Columbia River 
Basalt in the Clackamas River area, described the Frenchman 
Springs flows as having more of a blocky than a columnar 
outcrop appearance, the Low-Mg flows to have a well-
developed basal colonade with more than 50% of the flow 
forming a large entablature, and the High-Mg flows to 
resemble the Frenchman Springs flows in outcrop. In Silver 
Falls State Park the Frenchman Springs flows continue to 
have a blocky colonade, the Low-Mg flows have a well-
developed colonade with a large entablature but the High-Mg 
flows closely r~semble the Low-Mg flows in outcrop appearance 
rather than the Frenchman Springs. 
The Low-Mg flows are usually fine grained, but the High-
Mg flows are not consistently coarse grained. In all other 
respects the two groups of flows are indistinguishable. 
This created a problem with correlation within the Park. 
Where samples were analyzed for trace elements, it is 
possible to separate the flows into High-Mg or Low-Mg. 
Since the intracanyon flow interrupted the lateral conti-
nuity of Low-Mg flows it is difficult to determine the 





An attempt was made to tie in the sequence downstream of 
the intracanyon with that determined geochemically up-
stream of the intracanyon by identifying the Vantage 
horizon and the Low-Mg/High-Mg boundary on a tributary 
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creek that entered Silver Creek about a half of a kilometer 
north of the intracanyon flow. Samples were taken and 
,tPtudied but geochemistry was not used. Assuming the one 
to two degree westerly dip is maintained, the High-Mg flows 
should be present as indicated on the map (Figure 12). The 
hand·specimens are all similar and no coarse-grained/fine-
grained boundary indicating a crossing of the High-Mg/Low-
Mg contact can be distinguished. 
"' 
STRUCTURE 
The limited area covered by this work precluded the 
description of previously described folds in the area. The 
terrain covered lies between two open, gentle anticlines 
in a series of en echelon folds on the western edge of the 
Western Cascades {Peck and others, 1964; Thayer, 1939). 
These have been described under Regional Geology (Figure 3). 
Attitudes.taken from columns and contacts were generally 
found to reflect local irregularities in topography that 
the unit flowed over. A gently west southwest dip of two 
to three degrees was found by noting the change in elevation 
of two parallel boundaries: the Frenchman Springs/Vantage 
horizon boundary and the High-Mg/Low-Mg boundary. This dip 
is most likely due to gentle folding after solidification. 
There seems to be two main directions of jointing 
perpendicular to one another that resulted in pervading 
fractures in the units. Between the Oligocene and the 
Middle Miocene the marine sedimentary rocks that underlie 
the basalt were folded. Later the basalts and the units 
overlying the b~salts were folded gently. Regional dips 
and folding may have partly controlled the courses of 
streams which lava flows later followed. 
Just downstream from Upper North Falls and just up-
stream from North Falls distinct fractures in the Frenchman 
Springs flows have been accentuated by the moving water. 
They appear vertical with bearings N 2D°W ± 5°. At Elbow 
Falls, where the units change abruptly from Low-Mg Grande 
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Ronde to the Frenchman Springs of the intracanyon, the river 
makes a nearly right angle turn from N 30°W to S 7cf W. 
Major joints above the falls have strikes of N 70°E, the 
same as the river. Secondary joints have bearings slightly 
west of north. Below the falls, for a hundred meters along 
the creek bottom lie well-formed horizontal columns per-
pendicular to the flow of water N 20°W (Figure lOa). Above 
the stream level the columns are about 1.5 m high and are 
more crudely formed. They stand perpendicular to a surface 
with a strike and dip of around N 30-7cf E 4Cf SE (Figure lOb). 
Similar patterns are repeated in the stratigraphically 
lower Low-Mg Grande Ronde Basalt. Downstream from Double 
Falls on North Silver Creek from the collection .location 
of sample BS83A to the location of sample BS85A (Figure· 7, 
map), the columns and jointing are irregular. For the most 
part flow units have vertical columns at the base of the 
flow with a hackly entablature. This area is different in 
that there are parallel horizontal joints separating short 
vertical columns. Downstream from sample location BS83A, 
the horizontal joints begin to dip lf to the northwest 
while the columns remain perpencicular to the jointing. 
Further downstream the dips are steeper, up to 25° to 3rf 
to the west. In some spots the columns remain vertical 
while the joints dip. Flows visible higher up in the walls 
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of the valley remain horizontal. This is the same area that 
the unit of transitional geochemistry was found at two 
elevations. These irregularities do not show up in the 
traverse along South Silver Creek. The simplest explanation 
would be that there was a topographic irregularity that the 
molten flow encountered which affected the lavas' cooling 
pattern. As a second possibility, deformation affecting the 
jointing pattern may have taken place after cooling but 
prior to being covered by High-Mg flows. 
Downstream ·about 0.3 km beyond the junction of North 
and South Silver Creeks, nearly horizontal columns were 
found in Low-Mg units that are oriented perpendicular to 
those found in the Frenchman Springs intracanyon flow. 
These columns have a bearing of N 75°E. A plane perpen-
dicular to the columns would have a strike and dip of N 15° 
W 70°NE. The columns are vertical again for about a half 
a kilometer, then the river begins to run parallel to a 
platy jointing in the basalt with a strike of N 7o"E. A 
combination of regional stresses and variable terrain 
probably caused the system of fractures and cooling joints 
exposed today. 
GEOLOGIC HISTORY 
During the Oligocene the area was submerged beneath a 
sea. Volcanic sediments werebeingtransported and deposited. 
A period of folding, uplift, and erosion took place before 
the Middle Miocene creating a topographic relief of about 
120 m. Over this terrain Low-Mg Grande Ronde flows came 
from the northeast, burying it. Between major extrusions, 
local volcanic eruptions deposited layers of ash. Stream 
drainages that had been cut off reestablished themselves. 
A ~hange in chemistry at the source produced the High-Mg 
Grande Ronde flows that next invaded the region. Then 
sufficient time elapsed for a canyon to be eroded to a 
depth of over 90 m, for a forest to grow, sand bars to be 
deposited. The first of the Frenchman Springs flows swept 
through, filling valleys and burying trees. Over time, the 
drainage pattern was reestablished as streams eroded the 
new lava flow. The cycle repeated itself with each suc-
ceeding flow until after th~ last flow a period of weath-
ering took place that produced a deep lateritic soil over 
which the Fern Ridge Tuffs were deposited. The units were 
then gently bent between open anticlines. The present 
course of the Silver Creek crosses many of the ancestral 
streams. Weathering and erosion seem to be the current 
domiraritprocesses. Farms abound on the dip slopes of 
weathered basalt units. 
CONCLUSIONS 
In most cases, geochemical analysis provides positive 
identification of the Columbia River basalt flows present 
in an area, and s~rves as a correlative tool between 
separated areas of Columbia River basalt outcrops. The 
flows identified in the thesis area are as follows: 
1) three to four flows of the Low-Mg chemical type of the 
Grande Ronde Basalt, the uppermost having geochemical 
abundances transitional between High-Mg and Low-Mg chemical 
' 
types 2) two flows of the High-Mg chemical type of the 
Grande Ronde Basalt 3) three flows of the Frenchman Springs 
member of the Wanapum Basalt, the two lower being phyric, 
the uppermost being rarely phyric 4) one flow, the North 
Creek flow, of anomolous geochemistry but resembling the 
rarely phyric Fenchman Springs flow in physical appearance. 
Further research is required to satisfactorily define the 
anomolous flow, its nature and extent. Except for the 
anomolous flow, there is no significant chemical difference 
between the flows in the Portland and Clackamas River areas 
and Silver Falls State Park. 
There are, however, differences in physical character-
istics. In the Portland and Clackamas River areas the 
High-Mg Grande Ronde Basalt is coarse grained with a blocky 
outcrop appearance. Along Silver Creek the High-Mg Grande 
Ronde Basalt tends to be finer grained with distinct well-
3·7 
formed basal columns and a thick hackly entablature closely 
resembling the Low-Mg Grande Ronde Basalt in outcrop. This 
change in appearance may be aue to a loss of volatiles or 
cooling of the flow as it traveled farther from its source. 
The thesis area is not very complex structurally. The 
area being small, the general trends cannot be accertained 
nor evaluated without reference to the literature. The 
flows dip west southwest two to three degrees on the limb 
of an open anticline. The most prominent jointing consists 
of two trends perpendicular to one another, N 2if Wand 
N 70°E, which app
pattern. The jointing is most likely related to anticlinal 
folding, the axes of which swing from N 3~E to N 65°E 
(Peck and others, 1961). 
The single most interesting discovery made in the 
course of this study was the channel cut by an ancestral 
stream between incursions of the High-Mg Grande Ronde Basalt 
and the Frenchman Springs Member of the Wanapum Basalt. 
The stream carved a valley over 90 m deep in the Grande 
Ronde Basalt. On the basis of this small area the channel 
appears to be following the structural trend travelling 
S 70°W. More work is necessary to establish the ancient 
drainage patterns.* One unanswered question is whether 
*Subsequent work has suggested the presence of the ancient 
channel in drainages surrounding Silver Creek (personal 
communication, Marvin H. Beeson, 1980). 
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the.stream flowed west to the sea or turned north to follow 
the. present Willamette channel. Basalts have been found on 
the Oregon coast which are geochemically similar to the 
Frenchman Springs Member of the Wanapum Basalt. If the 
stream flowed west it could have provided a channel by 
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